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METHODS AND APPARATUS FOR PASSIVE ILLUMINATION OF REFUELING 
10 HOSES 

Inventors 
Mark A. Shelly 

Field of the Invention 

15 The present invention relates to methods and apparatus for passive illumination of 

refueling hoses, including, for example, refueling hoses for aerial refueling systems and the 
like. 

Background of the Invention 

20 Aerial refueling is commonly employed to increase the range and flight duration of an 

aircraft. Some types of aerial refueling systems include a hose having a drogue attached 
thereto which trails or drags behind a fuel tanker. On the end of the hose is a "basket" which 
includes a reception coupling. The receiver aircraft includes a probe (or fuel inlet) that may 
be fixed or retractable. When the receiver aircraft needs to be aerial refueled, it approaches 

25 the tanker and then flies formation on the trailing aerial refueling hose, slowly approaching 
the reception coupling. Eventually the receiving aircraft "stabs" or engages the probe into 
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the reception coupling, thereby providing a connection for transferring fuel between the 
tanker and the receiver aircraft. Known hose and drogue aerial refueling systems include, for 
example, those systems disclosed by U.S. Patent No. 5,573,206 issued to Ward, and U.S. 
Patent No. 5,539,624 issued to Dougherty. ' 
5 Typically, in order to initiate the tanker refueling pumps to commence the fuel 

transfer from the tanker to the receiver aircraft, the receiver aircraft must engage the probe 
into the refueling hose coupling and push the hose in past the outer refueling limit. The 
receiver can push beyond the minimum to receive fuel from the tanker. Fuel flow will 
continue as long as the receiver aircraft keeps the hose in the "refueling envelope". Typically 

10 the receiver aircraft pushes to a range, somewhere in the middle of the refueling envelope. If 
the receiver aircraft pushes the hose in to the inner refueling limit, the tanker fuel system will 
shut down, ceasing full transfer to the receiver aircraft. If the receiver aircraft pulls out to 
where it is back in the refueling envelope, fuel transfer will reinitiate. Upon completion of 
the refueling process, the receiver aircraft continues to back out until the tanker hose is fully 

15 deployed. At this point, if the receiver aircraft backs out further, the connection between the 
tanker reception coupling and the receiver aircraft probe is released. During this whole 
process, as the receiver aircraft pushes and pulls on the hose, the tanker hose reel system 
winds and unwinds the hose on a tanker mounted hose reel to keep the slack out of the hose. 
Although desirable results have been achieved using prior art aerial refueling systems, 

20 some drawbacks have been noted. For example, during some operating conditions, the 
refueling hose may be difficult for the personnel on board the receiver aircraft to see. Glints, 
shadows and glare caused by the sun, atmospheric water vapor, or reflections from aircraft 
surfaces may hamper visibility of the refueling hose during daylight operations. Similarly, 
darkness or relatively low lighting conditions may obscure visibility of the refueling hose 

25 during nighttime operations. Furthermore, the markings that are normally placed on the hose 
to designate the inner, center, and outer refueling envelope may be equally difficult to 
observe. Thus, there exists a need for an improved aerial refueling system that reduces 
adverse viewing conditions and improves the ability of the personnel on the receiver aircraft 
to view the refueling hose during varying lighting conditions. 
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Summary of the Invention 

The present invention is directed to methods and apparatus for weapon system testing 
and diagnosis, and more specifically, to methods and apparatus for testing and diagnosis of 
air-launched missile control systems for aircraft. Apparatus and methods in accordance with 
5 the present invention may advantageously provide improved visibility of refueling hoses for 
aerial refueling operations during daytime and night, without requiring the provision of 
electrical power or moving parts. Thus, the efficiency, safety, and reliability of aerial 
refueling operations may be improved. 

In one embodiment a conduit for transferring a flowable material includes a wall 

10 member at least partially enclosing an inner region, the inner region being adapted to receive 
the flowable material and to facilitate transfer of the flowable material from a first location to 
a second location. A plurality of reflective members are at least one of formed within an 
outer layer of the wall member and disposed on an outer surface of the wall member. The 
reflective members are adapted to at least partially reflect light incident thereon. In one 

15 embodiment, the reflective members include reflective glass beads. In a further embodiment, 
the wall member includes a first portion and a second portion, the first portion having a first 
concentration of reflective members and the second portion having a second concentration of 
reflective members. 

20 Brief Description of the Drawings 

The preferred and alternative embodiments of the present invention are described in 
detail below with reference to the following drawings. 

FIGURE 1 is a side elevational view of an aerial refueling system in accordance with 
an embodiment of the present invention; 
25 FIGURE 2 is a side elevational view of an aerial refueling system in accordance with 

an embodiment of the present invention; 

FIGURE 3 is a side elevational view of an aerial refueling system in accordance with 
another alternate embodiment of the present invention; and 

FIGURE 4 is a side elevational view of a material transfer system in accordance with 
30 still another embodiment of the present invention. 
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Detailed Description of the Invention 



The present invention relates to methods and apparatus for weapon system testing and 
diagnosis. Many specific details of certain embodiments of the invention are set forth in the 
5 following description and in FIGURES 1-4 to provide a thorough understanding of such 
embodiments. One skilled in the art, however, will understand that the present invention 
may have additional embodiments, or that the present invention may be practiced without 
several of the details described in the following description. 

FIGURE 1 is a side elevational view of an aerial refueling system 100 in accordance 

10 with an embodiment of the present invention. In this embodiment, the aerial refueling 
system 100 includes a tanker aircraft 1 10 having a refueling hose 1 12, along with a fuel tank 
1 1 1 and a pump 1 13, both of conventional design, to enable the delivery of fuel. A drogue 
114 is coupled to the end of the refueling hose 112. The refueling hose 112 has an outer 
surface that includes a plurality of first portions 116 and a plurality of second portions 118. 

15 As further shown in FIGURE 1, a receiving aircraft 120 having a fuel receptacle or 

probe 122 may be flown proximate to the tanker aircraft 110. In operation, the probe 122 
may be inserted into the refueling hoe 1 12 so that fuel or other materials may be transferred 
through the hose 112 into the probe 122 and into the receiving aircraft 120. 

In this embodiment, the second portions 1 18 are characterized by a greater reflectivity 

20 than the first portions 116, as described more fully below. The second portions 118 may be 
distributed on the refueling hose 112 to correspond to an outer refueling limit (i.e. a 
minimum length that the probe must engage into the refueling hose to initiate fuel transfer, 
designated as the second portion 118a), an inner refueling limit (i.e. a maximum length that 
the probe may engage into the refueling hose, beyond which fuel transfer is terminated, 

25 designated as the second portion 118c), and an intermediate or midpoint refueling position 
(i.e. second portion 118b). In alternate embodiments, the positions of the second portions 
118 may be varied from the particular embodiment shown in FIGURE 1, or alternately, a 
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greater or fewer number of second portions 118 may be employed. In a particular 
embodiment, the second portions 118 may be eliminated. 

In one aspect of the invention, the reflectivity of the second portions 118 may be 
provided by reflective members. The reflective members may, for example, be embedded in 
5 an outer layer of the refueling hose 1 12, or may be included within a paint or other coating 
material that is used in forming the second portions 118 on the refueling hose 112. In a 
particular aspect of the invention, the reflective members may be reflective glass beads. 
Suitable reflective glass beads include, for example, those beads commercially-available 
from 3M of St. Paul, Minnesota, or from Union Co., Ltd. of Osaka, Japan. In alternate 

10 embodiments, the reflective members may be other types of reflective devices or reflective 
materials, including, for example, metallic beads, metallic flakes, sea shells, quartz crystals, 
or any other suitable reflective devices or reflective materials, or combinations thereof The 
second portions 118 of the refueling hose 112 may be characterized by a relatively higher 
concentration of reflective members compared with the first portions 116 to provide the 

15 desired level of contrast between the first and second portions 1 16, 1 18. 

In another aspect of the invention, the first portions 1 16 of the refueling hose 1 12 may 
also include reflective members. In the embodiment shown in FIGURE 1, the density of 
reflective members in the first portions 116 of the hose 112 is relatively lower than in the 
second portions 118. Alternately, the first portions 116 of the refueling hose 112 may simply 

20 have the conventional reflectivity level provided by the standard outer surface of the 
conventional, prior art refueling hose 1 12. 

In operation, the refueling hose 112 may advantageously provide improved visibility 
during daylight and night operations. For example, by applying a relatively low density of 
reflective members (e.g. reflective glass beads) within the first portions 116 of the refueling 

25 hose 112, the first portions 116 may exhibit a relatively dark (or black) appearance during 
daylight operations. Conversely, during low-light (or night) operations, the first portions 116 
may passively reflect light from secondary sources (e.g. lights on the tanker aircraft 110 and 
the receiver aircraft 120, moonlight, etc.), and may exhibit a relatively light (or white) 
appearance. Because there is typically enough light from secondary sources around the aerial 

30 refueling system 100 during night operations, the reflective glass beads within the first 
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portion 116 may advantageously be passively illuminated. Because a relatively darker 
refueling hose is typically easier to see during daylight operations, and a relatively lighter 
refueling hose is typically easier to see during night operations, the refueling hose 112 
advantageously improves visibility of the refueling hose 112 during both daylight and night 
5 operations in comparison with prior art hoses. 

Similarly, the refueling hose 112 having a relatively high concentration of reflective 
members within the second portions 118 may permit the markings or bands on the refueling 
hose 112 to be seen during both daylight and low-light operations. A relatively higher 
concentration of reflective members within the second portions 118 may advantageously 

10 provide a relatively high contrast with the first portions 116. During night operations, the 
relatively higher density of reflective members within the second portions 118 may 
advantageously cause the markings or bands corresponding to the second portions 1 1 8 to 
stand out brightly when passively illuminated with secondary light sources. In one 
exemplary embodiment, the second portions 118 are of sufficient contrast to stand out 

15 brightly in typical secondary source illumination conditions, whereas the first portions 116 
are of a lesser concentration of reflective members so that the first portions 116 are 
illuminated more faintly, permitting the refueling hose 112 to be visible but enabling easy 
visualization of the markings/bands (i.e. second portions 118). 

Furthermore, the refueling hose 112 having at least one of the first and second 

20 portions 116, 118 that include reflective members provides numerous additional advantages 
over alternate methods of hose illumination. For example, embodiments of refueling hoses 
in accordance with the present invention require no additional electrical power to achieve the 
desired lighting of the refueling hose during night operations. Because refueling hoses in 
accordance with the present invention rely on simple, passive illumination, the cost and 

25 complexity of the device is reduced, and reliability is increased, compared with alternate 
methods of illumination. Embodiments of refueling hoses in accordance with the present 
invention require virtually no additional moving parts and are practically maintenance free. 
Finally, as stated above, embodiments of the present invention may improve visibility of 
refueling hoses during both daytime and night operations. 
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It will be appreciated that embodiments of apparatus and methods in accordance with 
the present invention may be employed in conjunction with a wide variety of tanker and 
receiver aircraft. For example, the tanker aircraft 110 may be any desired tanker aircraft, 
including, for example, a 767 Global Tanker Transport Aircraft (manufactured by The 
5 Boeing Company of Chicago, Illinois), a French C-135FR aircraft, a USAF KC-135R 
aircraft, a KC-10A aircraft, a C-130 aircraft, U.S. navy Buddy Refueling stores, or any other 
suitable aircraft, including other types of aircraft, such as rotary aircraft, or other manned 
and unmanned military aircraft, including those described, for example, in The Illustrated 
Encyclopedia of Military Aircraft by Enzo Angelucci, published by Book Sales Publishers, 

10 September 2001, and incorporated herein by reference. Similarly, the receiver aircraft may 
generally be any suitable model or type of aircraft, including a fighter aircraft, a 
reconnaissance aircraft, a bomber aircraft, or any other suitable aircraft. The various 
components and subsystems of the tanker and receiver aircraft that are unrelated to the 
present invention and that enable these aircraft to operate are of generally known 

15 construction and, for the sake of brevity, will not be described in detail herein. Generally, the 
tanker and receiver aircraft 110, 120 may include one or more propulsion units coupled to a 
fuselage, a wing assembly (or other lifting surfaces), a tail assembly, a landing assembly, a 
control system, and may also include other systems and subsystems that enable proper 
operation of the aircraft, as shown and described in the above-referenced publication. 

20 It will also be appreciated that a variety of alternate embodiments of the present 

invention may be conceived in accordance with the teachings herein, and that the present 
invention is not limited to the particular embodiment described above and shown in FIGURE 
1. Several alternate embodiments are described below with reference to FIGURES 2-4. The 
following discussion of alternate embodiments is not intended to be an exhaustive list of all 

25 alternate embodiments, but rather, is provided to merely demonstrate a few of the multitude 
of possible embodiments that may be conceived in accordance with the teachings herein. In 
the following discussion, similar components will be assigned similar reference numerals. 
For the sake of brevity, only significant differences or features of each additional 
embodiment will be described in detail. 
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FIGURE 2 is a side elevational view of an aerial refueling system 200 in accordance 
with another embodiment of the present invention. In this embodiment, the refueling hose 
212 includes a plurality of first portions 216 and a plurality of second portions 218, however, 
the first portions 216 have a relatively higher density of reflective members (e.g. reflective 
5 glass beads) than to the second portions 218. Thus, when subject to passive illumination 
from secondary light sources, the first portions 216 will appear relatively brighter than the 
second portions 216, which may appear relatively darker or black. 

As further shown in FIGURE 2, the receiving aircraft 220 includes a receiving probe 
222 having a plurality of first regions 224 and a plurality of second regions 226. Like the 

10 first and second portions 216, 218 of the refueling hose 212, the first and second regions 224, 
226 of the probe 222 may include reflective members of different concentrations (or 
densities) so that the probe 222 and markings thereon (i.e. second regions 226) may be more 
visible to personnel within both the tanker aircraft 210 and the receiving aircraft 220 during 
both daylight and night operations, as described above. 

15 FIGURE 3 is a side elevational view of an aerial refueling system 300 in accordance 

with another alternate embodiment of the present invention. In this embodiment, the tanker 
aircraft 310 include a refueling boom 312 that extends downwardly to engage with a fuel 
receptacle 322 of the receiving aircraft 320. The refueling boom 312 may include airfoils 
surfaces 314 extending outwardly therefrom to provide aerodynamic control of the position 

20 of the boom 312. As described above with respect to the refueling hoses 112, 212, the 
refueling boom 312 includes a first portion 316 having a first reflectivity, and a second 
portion 318 having a second reflectivity. As described above, the reflectivities of the first 
and second portions 316, 318 may be provided by reflective members (e.g. reflective glass 
beads) that may be embedded in an outer layer of the refueling boom 312, or may be 

25 included within a paint or coating material on the first and second portions 316, 318. Thus, 
the above noted advantages of the present invention may be achieved in an aerial refueling 
system that employs a refueling boom rather than a hose and drogue combination. 

FIGURE 4 is a side elevational view of a material transfer system 400 in accordance 
with still another embodiment of the present invention. In this embodiment, the system 400 

30 includes a tanker vessel 410, a receiving vessel 420, and a transfer conduit 412 engaged 
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therebetween. In one aspect, the transfer conduit 412 may be at least partially buoyant so 
that the transfer conduit 412 will float on a body of water between the tanker and receiving 
vessels 410, 420. The transfer conduit 412 includes a plurality of first portions 416 and a 
plurality of second portions 418 having varying reflectivity provided by different 
5 concentrations of reflective materials (e.g. reflective glass beads) disposed on (or within) the 
surface of the transfer conduit 412. Thus, the above noted advantages of embodiments of the 
present invention may be realized in a material transfer system 400 particularly suited for 
transferring materials between ships. It is apparent that alternate embodiments in accordance 
with the teachings herein may be conceived for material transfer systems adapted for use 

10 between any desired types of vehicles or storage vessels, including trucks, automobiles, 
storage tanks, trains, spacecraft, and any other suitable vehicles or vessels. 

While the preferred embodiment of the invention has been illustrated and described, 
as noted above, many changes can be made without departing from the spirit and scope of the 
invention. Accordingly, the scope of the invention is not limited by the disclosure of the 

1 5 preferred embodiment. Instead, the invention should be determined entirely by reference to 
the claims that follow. 
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